Introduction
Bottom water coning is an important factor to influence gas reservoir production rate [1] [2] [3] [4] . As for the development of thick bottom-water reservoirs, to slow or even prevent the effect of bottom water coning, the producing wells usually partially penetrate the gas layer. Previous models [5] [6] only took into account gas well opening degree is small (less than 1/3 the thickness of the gas layer), and considered the bottom hole as a hemispherical flow across the region. However, for actual thick bottom-water reservoir, gas well may be big opening degree (above 1/2the thickness of the gas layer), so the entire area in the bottom can't be simply considered as a hemispherical flow. In perforated zone it is a planar radial flow and below perforated zone it is a combination of a hemispherical flow and a planar radial flow. And because of the effects of formation anisotropy, the permeability of hemispherical flow area can't be simply replaced with horizontal or vertical permeability. Meanwhile, in the process of real gas well productivity calculation, such as high gas rate well, fluid seepage velocity near wellbore area is too large to cause a high-speed non-Darcy flow, if not considering the non-Darcy effect, also lead to results mistake [7] . Based on percolation mechanism of the thick block bottom water gas reservoir, the author improved the formula derived by Zhang Qinghui [6] and deduced new gas well productivity equation considering the high-speed non-Darcy effect, skin pollution and formation anisotropy.
Model Establishment and Formula Derivation
Supposing there is a huge thick bottom water block gas reservoir, whose gas layer thickness is h. Within the scope of the perforated interval h P , gas flow is planar radial flow; within the scope of the h-h P under the bottom hole, the gas flow near wellbore area is hemispherical flow, and the gas flow far wellbore area is still planar radial flow. For such a kind of considering the actual situation of gas reservoir, the model is shown in fig. 1 : 
Productivity Equation of Open Gas Layer Segments
Supposing the production of the gas reservoir upper portion is q sc1 , the production formula [8] considering the bottom skin effect and the gas non-Darcy flow characteristics can be calculated by: 
（5）

Productivity Formula of Unopened Gas Layer
Within the scope of the h-h P in near wellbore area, the flow of gas is half spherical flow. Due to the formation anisotropy, horizontal or vertical permeability cannot simply be regarded as the effective permeability of gas flow. The effective permeability of spherical flow K s [9] is calculated by:
Where, K h is the horizontal effective permeability, K v is the vertical effective permeability. Without considering the bottom skin effect and non-Darcy flow, the production formula according to formula of hemispherical flow deduced by Chen Yuanqian [5] Hemispherical productivity formula is represented by the pseudo-pressure in equation (7). While using units of mines practical system and choosing P sc =0.101325Mpa, T sc =293K as standard condition the equation (7) can be transferred to: 
（8）
In formulas (8), the gas layer is considered as a homogeneous zone, whose permeability from the outer boundary to the bottom hole stays the same. And in the actual cases, due to the "pollution" of drilling and stimulation to gas layer, the permeability near the bottom changes, namely the skin effect. Within the scope that the radius is from r a to r w , considering the effect of skin factor S , formula (8) 
（9）
The drop of Pseudo-pressure skin ψ ∆ caused by the skin factor S in the equation (8) can be calculated by: 
（10）
Combining equation (9) and equation (10), the total drop of Pseudo-pressure is calculated by: 
（11）
In the literature [10] and production formula of the spherical flow derived by Zhang qinghui [6] , the spherical flow skin factor was defined as
.Because the skin factor is a dimensionless quantity, so such a definition is clearly unreasonable. The author here makes the skin 
（12）
The equation (7) 
For the thick gas reservoir, gas production rate is generally large. Gas velocity flowing into the bottom hole is high, and the flow state of the gas is non-Darcy flow. There, the non-Darcy flow must be taken into account in the new model. For thick gas reservoirs, generally, the gas production is larger, and the flow of high velocity gas in the bottom is the non-Darcy. Additional pressure drop caused by non-Darcy flow must be considered. Assuming r e > > h, r 1 = h-h P , when r w < r < r 1 , the gas flow in the gas reservoir is the hemisphere flow and the non-Darcy seepage; When r 1 < r < r e , the gas flow in the gas reservoir is the plane radial flow and Darcy seepage.
Through relevant experiments, Forchheimer had put forward the following quadratic equation to describe the non-Darcy flow The second item on the right side of Formula (14) represent non-Darcy flow pressure drop, which is expressed by nD P : dr u dp nD
According to the following formula
Combining equation (17) The formula (24) considering the non-Darcy flow of hemisphere is gas well productivity equation near wellbore. Where, S reflects the impact of changes in the permeability near the bottom and D 2 q sc2 reflects the changes of the bottom flow, namely high-speed non-Darcy flow effects.
Radial flow in far wellbore area: Combining equation (24) with equation (25), the gas capacity formula of unopened gas layer is calculated by According to the basic data of gas well and the properties of gas, the A 1 , A 2 , B 1 and B 2 can be calculated. Using the formula (3) and (27), q sc1 , q sc2 can be calculated respectively. The total output q sc of gas well is calculated by
When q wf =0, the open flow potential of gas well can be calculated by the above equations.
Example Analysis
Taking five gas wells in a thick gas reservoir for instance, the AOF of gas wells can be calculate separately by above methods when considering skin factor or not. The results in table 1 as follow Table1 Open-flow capacity calculation of gas well Table1 illustrates the results considering skin factor are similar to the results of testing data interpretation. Deviation of calculating results without taking into account of skin factor is bigger. Results showed that the skin factor has a great influence on gas well production capacity. Therefore, in the process of gas well production calculation, the influence of the bottom skin effect can't be ignored. From table 2, for the great opening degree of the thick bottom-water gas reservoir, the previous models have not been applicable any more. The results compared to the actual situation have mistakes. The result calculated by the method presented in this paper is close to the actual result.
Taking N- 
Conclusions
1）For exploitation of thick bottom water gas reservoir, in order to slow down and avoid the influence of bottom water coning on gas well productivity, usually only the upper part of the gas layer is perforated. Because its opening degree is bigger than conventional bottom water gas reservoir, the flow state can't be regard as half spherical flow in total gas layer as usually, but in perforated zone it is a planar radial flow and below perforated zone it is a combination of a hemispherical flow and a planar radial flow.
2） Skin factor and non-Darcy flow of gas has great influence on the gas well production capacity, therefore，which need to be considered when calculating the gas well production capacity near the bottom of skin effect and gas non-Darcy flow. Opening degree has a great impact on gas well productivity. With the increase of open degree, gas well production capacity raises. Because of the problem of bottom water coning, it is very important to choose the appropriate opening degree of the bottom water gas reservoir. 
